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Sumniary 

The ohject of this note is to present the results, obtained 
to date hy the National Advisory Comniittee for Aeronautics, of a 
study of accelerations or applied load factors experienced "by 
airplanes flying through "rough" or "humpy" air. 

Theoretical relations involved in the study are reviewed to 
furnish a "basis upon which the experimental data can he properly 
analyzed. The structure of the atmosphere in relation to the 
load-factor prohlem is "briefly discussed, and the acceleration 
data oDtained on a numoer of flights with various airplanes are 
presented and analyzed to the extent that the results are appli- 
cable to any airplane. 

Erom the study thus far, it appears that it will he possi- 
ble to determine the proper design load factors for any airplane 
in a rational way. However, so little is yet hnown of the struc- 
ture of the atmosphere that the specific velocities of air cur- 
rents indicated hy the present data should not he construed as 
the values to he adopted as a hasis for design. 

Intro duct ion 



As any experienced airplane passenger knows, there are cer- 
tain conditions under which an airplane is subjected to rather 
abrupt shochs in the air. These shocks, which are comm-only re- 
ferred to as "bumps," are simply manifestations of more or less 
abrupt changes in lift caused by changes in angle of attack and 
relative air speed as the airplane flies through an unsteady 
atmosphere. 

Erom the standpoint of the structural design of transport 
or " nonacr obat ic" airplanes, which never need be sr.bjected to 
maneuvers more severe than the very mild turns, etc., required 
to achieve a given destination, the "bumps" experienced in fly- 
ing through "rough" air are of considerable importance, since 
they give rise to the structural loads for which the wings 
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should "be designed. In the past, practically no quantitative 
information on the structure of the atmosphere in its relations 
to applied loads on the airplane has existed. To s^ipply this 
deficiency, the ITational Advisory Committee for Aeronautics is 
conducting an investigation of the accelerations obtained in 
flight through rough air on a numher of transport airplanes fly- 
ing regular scheduled trips. To date only a small amount of in- 
formation has "been o'otained. However, enough has "been accumu- 
lated to throw cons iderahle light on the suhject of applied load 
factors in rough air. With the ooject of presenting this infor- 
mation this note has heen prepared. 

The theoretical relationships and the structure of the at- 
mosphere are hriefly disciissed so that the true significance of 
the acceleration dat?. can "ioe appraised. It is not claimed that 
the data ohoain^d thus far are sufficiently extensive to furnish 
a solid foundation for the structural design. It appears, how- 
ever, that load factors for airplanes of the nonacroDatic class 
may he determined in a ra.tional way when more extensive 'statis- 
tical information on the strxicture of the atmosphere is avail- 
a'ble . 



Theor et ical PwClat i onships 



The airplane is assumed to encounter an air ciirrent whose 
velocity vector is at any angle to the longitudinal axis of the 
airplane, hut in the plane of symmetry. The c^^rrent, or gust, 
is assumed to he sharply defined relative to the surrounding 
atmosphere, or equivalently , it is assumed that there is no 
angular displacement of the airplane from its initial attitude 
and no change of velocity relative to the groxind up until the 
time the m.aximum effect of the "hump" or gust is felt (figure 
1). 

The following symhols are used: . 

= initial angle of attack, measured from zero lift of 
the airplane hefore encountering giist. 
angle of attach immediately after encountering gust 

V ~ relative velocity of airpl^aie with respect to the 
air corresponding to angle of attack a^^ . 

- relative velocity of airplane v/ith respect to the 
air corresponding to a • 
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U = velocity of gust relative to the surrounding atmos- 
phere in which the airplane is flying initially. 
P " angle "between velocity vectors U and V. 
9 - angle hetv/een velocity vector V and horizontal. 
W - weight of airplane. 

S = area of lifting sr.rfaces (assumed here as the wing 
area) . 

A 

a - — — = sloDe of lift curve of wing or wing cellule. 
Aa 

n = — - a"OT)lied load factor. 
W 

L ■ = lift . 



Upon encountering the gust the following lift equation 
may l)e written: 

L, = aa^^ S I V^=^ (1) 
By the pr^r al 1 e 1 ogr am law of vectors, 



= y + + 2UV cos p. 

Also, 

Substituting these values of and in equation (l), 

we have, ^ 

= a(a^ 4- A a) S ^ (U^ + + 2UV cos p) (2) 



The lift equation which applies for the steady condition 
of flight prior to encountering the gust is, 

W cos e aa^ S ^ (3) . 

P 

Solving equation (3) for the quantity aa^ S suIds t i tut ing in 

^ 2 

equation (2), dividing hy I^T , and simplifying, we have, 

2. a A a 

n = (1 + A'^) (cos e + ^ . ) (4) 

W 

s 
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where 

= (^)^ + P. COS P 

and 

A a 



Since p is the a/ngle 'betATeerL U and V, vre rnav differ- 
entia.te n witli respect to set the derivative equal to' 

zero, and solve for the angle jS at which n is a rnaximuni. 
This leads to an expression of little practical value; there- 
fore n is plotted against p in Pigure 2 for the following 
two cases: 

5.§:S_e__A.- An airplane having a high wing loading and low 
aspect ratio (or low slope of lift ciirve). 

0. 

Pq = •002378 slugs per cu'oic foot. 
• 06 per degree (3.44 per radian). 

15 pounds per square foot, 

150 m.p.h. (220 f.p.s.). 

15, 30, and 45 m.p.h, 

. 1 , . .2 , and ♦ 5 . 



An airplane of -low wing loading and high aspect 



U, and V the same as in Case A. 
.08 per degree (4.58 per radian). 

8 pounds per square foot. 

TT 

Assr.rning that the wings are not stalled at ^ = .3, 

Figure 2 shows that the load factor is a maximum when p is 
approximately 80° regardless of the characteristics of the air- 
plane or the relative velocity of the gust. This simply means 
that the change in a.ngle of atta.clc upon encountering the gust 
is of much greater importance than the change in air speed. 



-1 V ^ 
tan — 1 .(from Figure l). 

1 + I cos p 



e = 

P = 

a = 

W ^ 
S 

V = 

u - 

u ^ 
V 

Case 3.- 



rat io . 



e , p, 

a = 
W ^ 

s 
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With P equal to 90^, equation (4) becomes, 



n = [1 + C^)^'] [cos 9+ 1~ 1] (5), 

■ V . W 

S 

Putting C^) equal to zero and tan"^ ^ eaual to ^, which 
V V ^ Y 

substitutions are justified for small values of the ex- 



pression becomes, 



V 



i- p a UV 



n = c 0 s G + ^ ( 6 ) . 

(I) 

in which U may now be considered the vertical component of 
the gus t • 

The last term in the above expression is the increment of 
load factor experienced upon encountering the gust over and 
above the initial load factor corresponding to steady flight 
at the flight-path angle 0. Usually the airplane will be in 
level flight so that cos 0 will be unity, and any ordinary 
gliding or climbing angles will not be large enough to cause 
any appreciable departxire from that valr.e. Equation 6, there- 
fore, indicates that the maximum applied load factors experi- 
enced in flight through rough air vary lineally with the air 
speed, the vertical com.ponent of the gust, the slope of the 
lift curve, and inversely with the wing loading.* All of these 
quantities are usually known or can be specified with the ex- 
ception of the vertical component of the gust, U. 

While it is realized that the localized motions of the 
atmosphere are far more complicated than simple vertical cur- 
rents, any gust or air cii.rrent may be consider ed" t o have a ver- 
tical component which, as the foregoing analysis indicates, is 
the important element. It is also realized that local air cur- 
rents may not be sharply defined with respect to the surrou.nd- 
ing atmosphere, although there are numerous indications from 
meteorological sources and from acceleration records taken in 
rough air that many of them are sharply defined. In fact, an 
airplane will not feel a "bump" as a distinct shock unless the 
relative veloc ity- t ime gradient of the gust is steep, and it is 
common experience that the most severe "bumps" are quite abrupt, 

For the above reasons, an attempt has been m.ade to collect 
what information could be found from meteorological sources con- 
cerning the intensity of vertical currents in the atmos-ohere 
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witli the hope that some r..seful data rni^'ht be ohtained. Also, 
in analyzing the results of acceleration tests made on air- 
plaxies in rough air, the data have "been inserted in equation 
(g) and " hacli-f igur ed" to determine the "effective" values of 
U which caused the accelerations measured. It is "believed 
that this is the only practicable method of reducing such ac- 
celerpmeter data to a usefiil form. It is certainly apparent 
that accelerations, as such, have no significance xmless they 
are considered in the light of the speed, wing loading, and 
effective aspect ratio of the wing cellule. 

In order to test the validity of equation (o) as a good 
approximation, at t empt s . have "been made to discover a "hump" 
under conditions which would indicate that it would probably 
remain constant long enough to allow at lep.st two airplanes to 
fly through it at different speeds. If the accelerations and 
air speeds obtained on these airplanes when this "bump" was 
experienced could be inserted in eqxiation (o) and back-figured 
to obtain approximately the same effective value of U each 
time, it was felt that the xise of the equat ion • woxild be justi- 
fied. Such a constant "bump" was found near Langley Field at 
a low altitude over a stream of water on ITovember 25, 1930. 

Two airplanes, a PW-9 pursuit biplane and a Fairchild 
cabin monoplane whose lift-curve slopes had been measured and 
which had recording accelsromet ers ^und air-speed meters in- 
stalled in them., were flown over the "bump" several times at 
different speeds. The following table shows the results ob- 
tained. 



TAELS I 













Hun 


ITo . 1 Airplane 

J 


^ind. 
(rn.p.h. ) 


U 

( f . p . s . ) 


* 1 


a 


P¥-S • 


101 


11.1 


2 


a 


P¥-9 


154 


11.2 


* 1 




Faircliild 


101 


10. 6 


+ 2 




Fair child 

1 


96 


6.7 



* Airp-lanes flown side by side. 



Airplane abo^it l/4 mile off course. 
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Several other runs, suosequent to those given in Tahle I, 
were made, out the resiilts indicated that the hump had disap- 
peared or could not he located on these runs. Hovvever, in view 
of the results ohtained, it is felt that equation (6) may he 
used as an approximate expression of the load factors experi- 
enced in rough air, or, in other words, that humps may he as- 
sumed as sharply defined. 

The Structure of the Atmosphere, with Particiilar 
ResiDect to the Vertical Cxirrents 



The structure of the atmosphere is highly complex and 
localized movements or currents of appreciahle intensity are 
usually present in s ome form not greatly distant from any given 
locality. The form and degree of these movements depend in a 
general way on the season, the latitude, the character of the 
local topography, and the time of day. 

From the point of view of the airplane designer, these 
currents are of interest onl^^ to the extent that the^^ alter 
more or less suddenly, and/or greatly, the relative velocity 
and angle of attach of the wing cellule. As has heen shown in 
the preceding section, components of gusts or air currents par- 
allel or transverse to the line of flight have hxit a small ef- 
fect upon the wing load, and this effect decreases with increas- 
ing speed of flight. With respect to components in the plane of 
symmetry of the airplane and normal to the direction. of flight, 
the reverse is true. It is therefore justified, for practical 
purposes, to confine attention to the normal components, and 
since flight is, in the main, largely a matter of horizontal 
translation, to confine this attention to vertical currents in 
the atmosphere. 

As far as the relative sha.rpness of definition of a gust 
is concerned, this is purely relative and depends not only on 
the conformation of the gust itself, hut upon the speed of the 
airplane as well. Thus a gust or current which has a velocity 
gradient from. 0 to U over a horizontal distance of 88 feet 
is experienced as a shock or hump reaching its peak in a half 
second hy an airplane flying into it at 120 m.iles per hour or 
176 feet per second. With higher speed of flight the time is 
cut down proportionately. and the hump hecomes more ahrupt . So 
little is known of the structiire of the atmosphere that it is 
almost impossihle to say what horizontal velocity gradients 
may he expected in vertical currents. It is known, however, 
that convection currents may he quite well, defined as is evi- 
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denced by the sharp outlines of Suiohe columns seen on calm days 
Turther, as any experienced air traveler Fill attest, abrupt 
humps are freqiiently encountered wherever humps are found, in- 
dicating that the relative ^^radient is often steep. It seems 
reasonable, therefore, to consider vertical currents as having 
infinite velocity gradients, at least until the structure of 
the atmosphere is better imderstood. On this premise, then, it 
is only necessary to establish the magnitiide of the vertical 
velocities of gusts that may be experienced in various condi- 
tions of the atmosphere. 

In attempting to establish the magnitude of vertical ve- 
locities from, existing data, it was found that there was a 
decided laclr. of information sufficient to be of great statis- 
tical value, although some definite values have been gleaned 
from various sources which, taken as a whole, seem to present 
a consistent picture,- 

L ine_s gual 1 s ( Ref er enc:e_l 1 . - Next to the tornado, wh i c h 
will not be considered here, the line squall is the most vio- 
lent of atmospheric disturbances. It is caused by the dis- 
placement of a m-ass of relatively still, warm air by a wedge- 
shaped mass of much colder air advancing, in general, laterally 
It may extend over a front ranging up to 1,000 miles and is 
usually so broad that it is impracticable to fly around it, 
Becar.se of the large difference in temperature between the ad- 
vancing cold wedge and the surrounding warm- air, violent con- 
vection is set up at the front which extends to about 4,000 
feet altitude. If accompanied by thunderstorms, as is some- 
times the case, strong vertical currents may occur as high as 
20,000 feet. In addition to these strong currents at the storm, 
front, strong turbulence exists in the cold air as far back as 
5 miles from the front. 

No direct measurements of the vertical currents in line 
sqxialls have, to the writers' knowledge, been made, but their 
strength has been deduced from calculations of the velocity 
necessary to sustain hailstones of various sizes. Since hail- 
stones consist of concentric layers of ice, it has been rea- 
soned that their growth is caused by successive transitions 
from low to high altitudes in strong convection currents re- 
sulting in alternate accumulation of moisture and subsequent 
freezing. This process takes place until the hailstone becomes 
of such weight that the vertical currents can no longer give it 
support, when it falls to the ground. The following table, 
taken from Reference 1 and due to Dr. G. C. Simpson, gives the 
velocities necessar^^ to sustain hailstones at an altitude of 
13,000 feet (presumably in standard atmosphere). Another col- 
umn is added to give the "indicated" velocities based on stand- 
ard sea level density. 
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TAILS II 



I) ianie t er 


Time rate of fall 


"Indicated" rate 


( in. ) 




of fall 




( f . p . s . ) 


0.5 


53 


43 


1,0 


75- 


61 


1.5 


93 


76 


2.0 


106 


87 


3.0 


132 


108 










Hailstones as lar^^e as 0.5 inch in diameter ar6 fairly 
common. The larger ones are rare, but specimens about 2.5 
inches in diameter fell during a thunderstorm, at Dallas, Texas, 
on Kay 8 , 192 6 . 

It is, therefore, seen that vertical currents associated 
with line sqiialls may be exceedingly intense. The line squall 
thus becomes not a problem for the structural designer, but for 
the weather forecaster associated with air tra.nsport operations. 



Thun d e r s t o r m s_ . - Perhaps equal in intensity to the line 
squall is the thunderstorm. The same considerations of hail- 
stone formation that apply to line squalls also apply to thunder- 
storms. In addition, we have an isolated measiirement of a ver- 
tical velocity in a thunderstorm of 10.5 meters per second (34.4 
feet per second) thro'igh an altitude of 10,000 feet (Reference 
2) and Gregg, in Reference 3, states that vertical velocities in 
this type of disturbance m.ay be from S to 10 meters per second 
(26 to 33 feet per second). Thimders terms vary in severity, 
however, and vertical velocities up to 117 feet per second, as 
evidenced by the Dallas hailstones, may be expected at times. 
The same conclusion that applies to line squalls, therefore, 
also applies to thunderstorms, viz., they must be avoided. 
Fortunately, the thunderstorm is readily recognized from the 
air, and being local in character and sloy; moving can easil^'^ be 
avoided. 
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OTpstruct i onal di s turl^anc e s 3y oostructional disturbances 
here are meant any turbulence or gustiness which occurs as a 
result of winds blowing over obstructions such as buildings, 
woods, hills, or mountains. Thus, obs t rue t ional disturbances 
mav extend only to low altitudes as caused by buildings or low 
hills, or they may extend to high altitudes as caused by moun- 
tains. G-regg (Reference 3) states that the influence of build- 
ings and topographical irregularities extends to about four 
times the height of the obstruction above the general level of 
the earth^s surface in their vicinity. 

There are no direct measurements available of the vertical 
c 0 mp 0 n e n ts of gusts encountered in ob s t rue t i onal disturbances. 
The acceleration data given in the next section, however, offer 
some indication of the magnitudes of vertical components to be 
expected. 

Convection currents.- Convection c^^rrents are meant here 
to be the ordinary vertical c^irrents arising as a result of lo- 
cal heating of the terrain. Although the strong vertical cur- 
rents associated with line squalls and thunde.rstorms ' are truly 
convection currents, it is desirable to clas'sify them separately 
becaxise of their relative intensity. 

Ordinary convection is essentially a fair rreather phenom- 
enon and "is most active on s^Jim.mer afternoons, particularly in 
the vicinity of cumulous clouds." (Greg^) A number of direct 
observations of the vertical velocities of convection ciirrents 
haye been made at severa.1 meteorological stations, all of which 
arc in agreement to the effect that :i 0 to 13 feet per second are 
usual average val^les. Values as hi^-ih as S3 feet per second have 
however, been measured immediately under cuimulous clouds (which 
may always be considered signposts of strong ascending currents) 



Presentation of Available Information on Accelerations 
in Bumpy Air with Particr.lar Reference to Values of U 

A few odd bits of information are available concerning the 
magnitudes of accelerations experienced by airplanes in bumpy 
air. It has been shown that the magnitiide of the acceleration 
experienced in a bump is of little interest in itself since dif- 
ferent accelerations may be experienced by different airplanes 
encountering the same current, and different accelerations may 
be experienced by a given airplane in a given current depending 
upon the speed of flight. Acceleration data obtained in bumpy 
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air are therefore of little value unless accompanied 'oy specific 
information concerning the aspect ratio of the airplane and the 
wing loading and speed at the times the accelerations were meas- 
ured as well as hv the correlated meteorological data. In most 
of the acceleration data which have been obtained, su.ch informa- 
tion is known only approximately because of the lach of appreci- 
ation of its importance by those entrusted with the task of 
sending it with the acceleration records for analysis. However, 
where specific information is not given, assumptions and deduc- 
tions can be made from which a fairly- good idea of the true 
meaning of the accelerations can be obtained. 

The principal sources of the available information concern- 
ing rough-air accelerations are Reference 4, Reference 5, and 
some recent records obtained by the National Advisory Com.mittee 
for Aeronautics on airplanes flying on schedu.led cr oss-^country 
tr iT'S . 



Ana 1 y s i s o f Refer e n c e _ 4 • In this paper, which is devoted 
primarily to a description of the underi^/ing principles of an 
acceler ograph , several records are given which were obtained on 
scheduled trips of a few European air lines. 



Case I 

Date: September 9, 1926. 

Airplane: "Eandley Page Trimotor (0.3.A.HY.) 
Pilot: "Cocquyt 

Route: Brussels to London and return. 
Weather: Described as "calm.'^ 

Accelerations (in g u.nits) 



II 





liaxinmm 


Minimum 


Approximate 








average 


Departing Brussels 


1.4 


. 7 


.9 to 1.1 


Over Calais Channel 


1.0 


1.0 


1.0 


Arrive English Coast 


1.3 


.7 


.8 to 1.2 


Between Dover and London 


1 . 6 


• 55 




Arrive Cro"don 


1.4 


.7 





The description of the airplane was not sufficiently com- 
plete to permit assum.ptions as to wing loading, etc., to be 
made and hence solu.tions for U on the basis of equation (6) 
are not warranted. The data are of interest m-ainly because of 
the correlation of specific values of accelerations with what 
is described as "calm" weather. 
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Case II 



Date: October 11, 1928. 

Airplane: ?arman "Jaoirxi" monoplane ( j'-A . I . C . S . ) . 
Route: Br^assels to Le Botir{[;et on the Paris-Amsterdam 
air line. 

Weather (on outooiincl trip): "Quite disturoed with a 
22-kilone t er s per hour southwest wind at 
500 moters altitxide o.nd 54-l-:ilomot ers per 
hour wind at 1000 meters." 

Altitude: "The complete trip was accomplished at low 
altitxide: 100 to 300 meters approximately." 



Ac c el er at ions (in 



Tin it s ) 



l.'aximum Minimum Appr oximat e 

average 



Brussels "Hal" 1-7 
Betv/een Bra ine- 1 e~ C omp t e 

and Hons 2.2 

Over fores t 1.7 
Between Le Gateau and 

Bohain 2.2 



• 3 
.4 

• 3 



.6 to 1,4 

.5 to 1.5 

.5 to 1.4 

.6 to 1.4 



Weather (return trip): Worse than going trip; 29-kilo- 
meters per hour wind at 500 meters. 

ITote-: Rec-ords were taken only early in flight on calmer 
portion of trip. It v/as the observer's -opinion that in later 
stages of the return trip "very much greater" accelerations 
were experienced than any on the outDound trip. 



Ac eel era t ions ( in 



un its) 



I.I a X i mum M i n i mum Ap r o x i ma t e 

average 



Depart from Le Boii^rget 2.0 ' .3 .6 to 1.4 

Hate: The ohserver stated that "If consideration is taken 
of the fact that the aerial lines operate under much more unfa- 
voralDle winds, these few -tests seem to indicate that total ver- 
tical accelerations of 2.5 g * * * * must "be considerahly ex- 
c ceded at times . " 

?rom the remarks on the weather in Case II, ahove, as well 
as the statement that the airplane was flown -at low altitudes, 
it seems prohahle that the sky was overcast with a low ceiling. 
This would lead to the "belief that the humps encoiintered were 
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caused l)y wliat has "been terned " oId s t rue t i onal di s tur Dane e s " or 
turlDulence in the atmosphere set up oy the flow of wind over 
ohstruct ions on the ground such as hills. 

An idea of the magnitudes of the vertical velocities of 
the air currents encountered "by the "Jabirii'' in Case II may "be 
ohtained hy utilizing eqiiation (6) and applying it to the known 
accelerations and the prohahle conditions of wing loading and 
air speed of the airplane. These computations follow: 



Characteristics of "JahirrJ'* 

Span 52.34 ft. 

Total wing area 968,75 sq.ft 

Aspect ratio J§.§.^34) - 4 • 

968,75 

Fuel consumption 7,079 Ih. gasoline and 

284 " oil in 1,889 miles 

with six take-offs 
and landings . 
High speed (sea level) 13C mi./hr. 
Weights: 

Empty (with eq_uip- 

ment) " 7,350.2 Ih. 

Radio 264.3 » 

Crew, passengers, 

and "baggage 2,22 6.6 " 

G-asoline 1,463.9 " 

Oil 158.7 " . . 



Total 11,464.0 " 

Probable Weights as Flown on Paris-Amsterdam Plight 

Distance (approxipately) : 

Paris - Brussels 180 miles 

Brussels - Amsterdara 110- " 

Total 290. " 

Fuel consumption per mile: 

■ ± 2 84 ^ 3^85 ^^j^^,^ 

1,889 ^ 



*From H.A.C.A. Aircraft Circ^llar llo. 15. 
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Therefore, fuel and oil required for a SOO-i'-iile flight equals 

3.88 X 300 = 1 , 164 11d. 

Assuming a 25 per cent mrrgin, the total fuel carried for the 
complete trip from Paris to Amsterdam (one way) equals 

1,25 X 1,164 = 1,450 Ih, 

Assuming that the airplane did not carr^^ this quantity of fuel,, 
expecting to refuel at Brussels, the freight of fuel carried 
V70uld he approximately 

1.25 (180 X 3.88) = 873 Ih. 

On the hasis of the ahove information and assum.ptions and 
further assumptions as to pay load carried, the following tahle 
can he made: 





Loading 


Cond.it ion 


Weight 


Tuel 


Passengers 






1,450 


2,227 


Maximum pro'ba"'ole load 


11,291 


1 , 450 


i.irs 


Half pay, full fuel 


.10 , 178 


873 


2,227 


?ull pa;/, short fuel 


10,715 


873 


1,113 


Half pa;"", short f-j.el 


9 , 601 


873 


557 


Quarter pay, short f\iel 


9,045 



From this tahle of. weights, assuming a speed of 80 per cent 
of V^^^^ (.80 X 130 = 104 miles per hour) and a lift- 

curve slope of 3.8, a tahle of the prohahle effective values of 
U can he made. lor this purpose, an acceleration of 2.5 g is 
assumed, in view of the measurements and ohservers' remarks, as 
a representative maximum valiie to he expected in rou.gh weather 
on the Paris-Amsterdam route in the "Jahiru" airplane. 

Weight Wing Loading V Acceleration U 

( Ih. per sq.ft. ) (m.p.h.) (g) (f.p.s. 

11,291 11,65 104 2.5 25.4 

10,178 . 10.50 104 2.5 22.8 

10,715 11.08 104 2.5 24.1 

9,601 9.93 '104 2.5 21.6 

9,045 9.35 ' 104 2.5 20.4 

It is thuis seen that the effective valtie of U in Case II 
for the worst hump lius oetween a prohahle minimum of 20 feet per 
second and a prohahle maximum of 25 feet per second. 



IT.A.C.A. Teclmical ITote llo • 374 



15 



4P:?:.1 o.f „K e f e r e n^e _5 . - 

Airplane: DH-4B. 
Pilot: Doolittle. 

Route: Between Wilmington and Pliiladelphia . 

Weather: "It is pro^oalDle that these accelerations 

are the result of flying into convection 
currents." further descri'oed as "aver- 
age rough air . " 

Altitude: 1,500 feet. 

Accelerations: Maximum 2.2 g 

Minimum - . 5 g 



Characteristics of DH-43 

Wing area 440 sq.ft. 
Weight s : 

Empty 2,959.0 Ih. 

Fuel 473.5 " 
Oil 67.5 " 

Armament 356.4 •" 

Equipment 398.6 " 



Crew 3 60^ " 

Total 4,595.0 " 

Solution for TJ 

Assume conditions as follows: 

(a) Half fuel, half crev^, no armament: 

Weight = 4,595 - - -~ ^ 356.4 = 3,822 Ih. 

(h) Half fuel, full crew, full arm-ament: 

Weight = 4,59 5 - 4,3 58 Ih. 

Also assLime A Cy • • 

^ Sad. 

and V = .80 V.., ^ = 94 rai./lir. 



Prom e qua t i o ii ( 6 ) 



U 



f 15.9 ft. /sec 
(a) \-19.8 ft. /sec 



jj ^ f 18.1 ft. /sec, 

(Id) 1-22.8 ft. /sec. 
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From these data it nay thus be 'inferred that the effective 
value of U in "average roush air" caused hy ordinary convec- 
tion currents is .in the neighDorhood o.f 1"6 to 23 feet per second. 
It is of interest to note the general a^^reernent "between these 
values and those ohtained "by direct measurement of convection 
currents given in the preceding section, rememhering that the 
direct measur ement s refer to average velocities throughout the 
ascending currents. 



The data obtained by the ITational Advisory Committee for 
Aeronautics are tabulated in Table III (see Figure 3). It is 
not possible to 'draw final conclusions from these, data because 
of their meagerness and the lack of specific information con- 
cerning the air speed 'and v;eather conditions or local topogra- 
phy at the time the worst bximps were experienced. Several facts, 
however, seem clear, 'The highest accelerations were obtained 
over rough country when there were relative strong winds blowing. 
These accelerations we're therefore probably associated with 
" obstruct ional disturbances," and the corresponding values of 
U range up to about 22 feet per second. The lower accelerations, 
with corresponding values of U up to about 15 f.p.s., were usu- 
ally not associated with high winds and may have resulted either 
from convection currents or " obstruct ional disturbances." Night 
flights were generally very smo^oth. 

From information that the Committee has received the accel- 
erations of the order of four (4 g) have been obtained in rough 
air, and it is evident, therefore, that the data of Table III 
do not represent the worst conditioiis sonr.iimes encountered, 
since in no case given in the tabic did a pilot report unusual 
c ondi t ions . 



Resume and Disciission of the Applicability of the Data 



The load factor which any airplane will e::perience upon 
encountering a vertical ciirrent of any deg-ree of intensity can 
be calculated with fair approximation from the :expression, 



IT.A.C.A, Data 



n - cos 6 + 




a Ui V, 
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wli ere n - load factor. 

6 = flight path angle (to he considered O). 
Pq = standard sea-level air density. 

♦ a = A Cj^/A a radian. 

~ indicated effective vertical velocity of air 
current (feet per second). 
Vj^ = indicated air speed of airpla.ne (feet per 
second) . 

h = wing loading (pounds per square foot). 

All of the quantities involved with the exception of 
are usually Icncwn. Prohahle values of , "based on the accel- 

erometer and meteorological data discussed in the foregoing sec- 
tions, can he suiiimarized as in'Tahle lY. 



TABLE ir 



Yelocities of Ascending Currents 



Line 
s quails 



Thunder- j 0 os t ruct ional 
storms i dis turha.nces 



U (f.p.s.) 43 to 108 ] 43 to 108 ! Up to 27 or 

' ' no re 



-I— 



Alt itude 



Up to 4,000|Ui} to 
f t . ' ' 



I 

-1-. 



20,000 ft. 



I Varies with 
i terrain 



Convection 
current s 



Up to 22 or 
more 



Up to 4,000 
ft. 



With respect to the last two columns in this tahle, there 
seems to he "a good prohahility that values in excess of those 
given occiir at times, although rather infrequently-. Far more 
data than are nor/ availahle will he required hefore any defi- 
nite values of U for which to design can he estahlished and 
hefore the relative frequencies of values of U of different 
magnitudes can he determined. 

In view of the approximate character of the data on U, 
it is needless to attemjpt great precision in applying the "hump" 
form.ula. Thus, the slope of the lift curve, A C^/A a, need he 

only approximately determined. Average or prohahle valiies for 
Diplanes and for monoplanes are the only ones that should he 
used at present. These values may he taken as, 



^h 

a^ 
m 



- 4.0 per radian for hiplanes. 

- 4.5 per radian for monoplanes 4 
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The "hump" formiila raay he represented in chart form, for con- 
venience,- as in Figures 4 and 5. In using these charts, read 
up from the speed scale to the line representing the desired 
value of U, thence to the left to the line representing the 
given wing loading, and thence diagonally upward to the load 
factor scale. 

To determine the design conditions, the frequency of oc- 
currence of humps of various magnitudes should he taken into 
account, -As an illustration of the procedure, let us assume 
a hypothetical example for an airplane having a gross wing 
loading of 15. 

First, construct a load-factor chart for* the given wing 
loading such as Figure 6, This is done hy plotting the general 
expression for load factor, 

Po ^i') 

which is simply a form of the general lift equation, with the 
symhols having their usiial or standard significance. Now let 
us assume that the airplane is a monoplane having an e.st.iiijated 
high speed of 160 miles per hour, and a cruising speed of 135 
miles per hour. Also, let us assume that the pilot is ohliged 
hy mandatory requirements not to exceed 15 per cent in excess 
of 'the high speed or 185 miles per hour. So m.uch for the per- 
formance of the airplane. ITow let us say that a vertical ve- 
locity in g\ists equal to 15 feet per second occurs with s^^ffi- 
cient frequency so that the airplane ma2^ "be expected to en- 
counter this current at any speed up to the limiting speed of 
18 5 miles per hour. Also, let us say that more severe humps, 
with U = 25 feet per second, may he encountered, hut that they 
are so infrequent that they may he assum.ed to occur only at the 
most comm.on flying speeds, namely^ cruising speed or less. 

On this hasis the dotted houndary line on the load factor 
chart of Figiire S may he determined hy means of the "hump" for- 
mula or chart. The area enclosed hy this dotted line represents 
all of the prohahle conditions which are likely to he encountered 
in flight on the hasis of our original assumptions. Points A, 
B, C, and D will usually he found to he the critical conditions, 
although not necessarily so. Note that points A and B are 
"high angle of attack" and "low angle of attack" conditions, 
respectively, and that there are two critical inverted flight 
conditions, one of them near zero lift.- If a factor of safety 
of 2 is applied to give the design load factors, the houndary 
line is expanded to give the dot- dash line shown. 
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Eecornmendat ions 



1. I.Ieasur emen t s of accelerations in rough air should he 
continued until a sufficient quantity of data are ohtained to 
he of statistical value. 

2. It is highly desirahle that closer liaison he effected 
hetween those agencies ohtaining these data and those analyzing 
them to the end that hotter correlation hetween the accelera- 
tions and the corresponding conditions of Treather, terrain, etc, 
can he had. 

3. A corahined air.- speed met er and acceler ome t er , T/hich uould 
require no attention in service, should he devised so that exact 
relationships hetv/een the speeds.- and accelerations can he estah- 
lished over a long period of operation on any airplane. 

4. Attempts should he made to detcrm^ine velocity gradients 
through cross sections of vertical currents so that proper al- 
lowance for the vertical velocity of the airplane in' the. current 
can he made. In other words, the validity of the "hum-o'* for- 
mula should he further verified.: .. 

Langley Memorial Aeronautical Lahcratory, 

national Advisory Committee for Aeronautics, 
Langley Field, Va., April 9, 1931. 
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TABLE III. N.A.C.A. Accelerometer Measurements in Roiigh Air 
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3a 



3-h 



Sa lt La ke 
Cheyenne 

Oakland 
Sacrament oj 

i 

Sacraroentot ' 



S-11-30 



-a 



o 

(D 

a 

•H 

EH 



Heno 



2£1 9-10-30 



Seattle 
Portland 



32119- 9-30 



3:55 


P.M. 


6:20 


P.M. 


6; 00 


A.M. 


8:41 


A.M. 


4:57 


P.M. 


5:47 


P.M. 



** 



•H r: 
03 • 



*** 



(nrph) 

I • CD 

I S ^ 

f.p.S.i S c6 



ind. 



f 



12.7 



(125) I 1.5 I S.5 
.3 !~10.0 



10.6 



183 



176 

(120) 
176 



.4 



8:45 A.M. I 
9; 53 A.M. \ 

L 



10.6 



i 1»3 
! .6 



7.4 
-7.4 

3.7 
-4.9 



Q) 

•H -H 
•H 



"leather 



2000 



13500 



Clear 



Good 



Pilot's comments 



Very smooth flight. 



Pleavy clouds over! Flew aoove clouds 



(125) 
183 



1.8 I 9.9 
-.4 hl7.3 



1*5 I 5.9 

.5 I -5o9 



5000 



mountains 



Heavy clouds - 
"broken mostly 
telow 3000 ft. 



except for occa- 
si onal heads . 

Very rough descend- 
ing through clouds 
above Heno. 



Very smooth flifrht. 



1 
2 

3a 
3h 



Remarks 

Average accelerations ahout sajne as m.aximum throughout flight. 
Several locc.l humps recorded 15 minutes after take-off. 
Average ac.',3J.erations less tlian maxTr/jjaiQ. 

Record shows high accelerations during last 5 minutes "before landing; undoubtedly these occ-jirred while 

descending through clouds. 
Record shows only occasional humps. 



(All references listed at end of tahle , ) 



TABLE III. N^A.C.A. Accelerometer Measurements in Rough Air (Cont'd) 



Record No. 


Route 


Airplane 


Date of flight 


Time of flight 


* 
W 

s 

1 


** 

Vi 

(mph) 
f .p. s . 


Max. and Min. 
Accel, ("g") 


*** 

'-'md. 


Av. altitude 
maintained 


Weather 


Pilot comments 




5 


Portiana 
Medford 


1 

221 1 


9- 


• 9- 


-30 


1U;^^4 A.Mc 
12:10 P.M. 


1 

1 

10.6 


(125) 
183 


T Q 

-.2 


9.5 
-14.2 


■5000 


Approxo same as 
No. 4 except 
clouds higher. 
Latter part, 
rain squalls . 
Rain at Bedford. 


Rougher than ITo. 4. 
Shortly after 11:00 A.M. 
one bump caused passen- 
gers to leave their 
seats . 


o 


6 


Bedford 
Oakland 


221 


9- 


• 9- 


-30 


1:25 P.M. 
4:00 P.M. 


10.6 


(125) 
183 


1.9 
.1 


10.7 
-10.7 


6000 


Imx»roved toward 
Oakland. 


Worst tuJTips experienced 
upon approaching Oal-i- 
land. 


H9 
CD 

& 


10 


Cheyenne 
Salt Lake 


it 

276 


9- 


12 


-30 


8:09 A.M. 
12;58 P.M. 


9.4 


(100) 
147 


2.65 
-.3 


22.7 
-17.9 


11500 
and 
7600 


Favorahle. High 
1 cirro-stratus . 
Wind S.W. 


Worst humps encountered 
between Elk Mt . and 
KcPadden. 


ti 

H' 

Q 

o 

CD 


11a 


'Salt Lak:e 
Reno 

1 


276 


9- 


12- 


-30 


12:52 P.M. 
4:50 P.M. 


8.4 


(100) 
147 


2.35 

6 


16,6 
-19.7 


6000 


Cloudy. Wind 
S.W. 15 mopch. 
at ground, 45 
mep«:h» at alti- 
tude . 


Worst b'airxps experienced 
upon crossing ranges. 


o 

. 



t 



Remarks 

5 Negative load factor of -.2 is one mentioned by pilot. Numerous bumps recorded within range of +.2 & 41. 8. 

6 Worst bump recorded at 2:07 P.Me ; near Oakland accel. became frequent, ranging from .2 to 1*8 g. 

10 F.axe accel. usually gave load fa.ctors ranging from -.05 to 2.1, which would give values of "U" of -14.5 

and +15.1 f.p.s., respectively. 
11a Record shows that worst bumps occurred v/hen crossing mountain ranges both approaching and leaving Elko. 

Load factors experienced approx. samie in each case<, 
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•H 
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CD 

^ (D 






Record 1 


O 


CfH 

o 

<D 

a 

' 


W 

s 


(mph) 
f .r).s. 


Max . an d 
accel, C" 




Av. alt it 

maintair 


Weather 


Pilot ^s comments 


lib 














2.651 
-.65 


20.3 
-20.3 








12 


Reno 
Oakland 


276 


9-12-30 


5:00 P»M, 
7:00 P.M, 


£.4 


(100) 
147 


2.2 
.1 


14.8 
-11.1 


5000 


Overcast, with storm 
approaching from 
II.TTo Clouds high, 
thin and hroken 


V/orst bumps encoun- 
tered between Reno 
and Summit, over 
the Concord Hills. 


13 


Cheyenne 
Salt Lake 


276 


12-29-30 


A.!-.!. 


9.7 


(100) 
147 


2.15 
-•35 


16.3 
-19.2 








14 


Salt Lake 


276 


12-29-30 


P.M. 


9.7 


(100) 

1 4-7 


2,00 
i -.20 


14.2 

— J. 1 .X 


1 
i 






15 


Ch e^^enne 
Salt Lake 


276 


1- 4-31 


i5:31 A.M. 
1 8:10 A.M. 


S.7 

1 
1 


(100) 
147 


1.55 
.50 


5.0 
-7.1 


1 






16 


Salt__Lake 
Reno 


276 


1- 4-31 

1 


j 8:25 A.M. 
,12:40 P.M. 


1 S.B 

i 


'(100) 
1 14.7 


1.35 
.50 


4.5 

-6.4 






















e m a 


r k s 









o 



1^ 
o 

O 

o 

c+ 
(D 

o 



lib 

12 

13 

14 
15 
16 



Record shows maximum acceleration experienced v/hile approaching Reno from the east. 
Record shows worst bumps occurred 12 minutes after taking off from Reno. 

Pilot made no report of weather. Record indicates generally rough air. Negative load factors were ex- 
perienced three times. 
Pilot made no report. Record similar to No. 13. 

pilot made no report. Record shows comtinuous bum.ps of sam^e magnitude. 
Pilot made no report. Record similar to No, 15. 
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TAIBLE III. N.A.C.A. Accelerometer Measurements in Rough Air (ContM) 



Record No. 


Route 


Airplane 


Date of flight 


Time of flight 


* 

s 




(mph) 
f .p.s . 


Max. and Mirr. 
accel. ("g") 


*** 

"UV ^ 
ma . 


Av. altitude 
maintained 


Weather 


Pilot ^s corarrients 


17 


Reno 
Oakland 


276 


1- 4-31 


2:12 P.M. 
4:12 P,!.;. 


8,8 


(100) 
147 


1.80' 
-.50 


10.3 
-19.4 


10000 


Good- No clouds. 
N.W. wind. 


Worst humps around Verdi. 


18 


Oakland 
Reno 


276 


1- 9-31 


o:UU A.M. 
9:57 A.M. 


8.3 


(100) 
147 


i . 4d 
,22 


5.5 

-9,5 


6000 


Clear, with some 
light ground fog. 

T.of'T "f* nxT "in rr.mTr.— 

JLlO *V -1- -LXi illw bLLx 


> 

G-enerally humpy; worst ^ 
humps enco-'UTitered over ^ 






















tains. Wind N.E. 


tween Auhurn and Summit. ^ 






















10 mcpoho 


19 


Reno 
Salt Lake 


276 


1- 9-31 


10:30 A.M. 
2:20 P.M. 


8.2 


(100) 
147 


1.70 
.17 


8.4 
-10.0 






H' 

O 


20 


Salt Lalce 
Cheyenne 


276 


1-13-31 


4:00 P.K-. 
7:04 P.M. 


9.4 


(100) 
147 


1..53 
.15 


7.3 

i-11.7 

1 






o 

(D 
O 


21 


Salt Lake 
Reno 


ttt 
7137 

1 


1-30-31 


9:37 A.l.! = 
i 1:45 P.M. 


10.0 


(100) 
147 


Icl 

.9 


1 1.4 
-1„4 


1 10000 


Clear to hroken 
overcast. Cirrus 


• 

TTorst humir)s encoiuitered 
over Ruhy Mountains. ^ 










1 












clouds . 



j Remarks 

17 Record shows two local areas v/here humps occurred, at 3:13 and 3:3? PoM. 

18 Record shows generally rough air with a few isolated maximum accelerations • 

19 Pilot made no report. Record indicates generally rough air. Very similar to No. 18o 

20 pilot made no report- Records indicate relatively smooth air. Average load factors .5 to 1.35 correspond- 

ing to values of "U" of -6.9 and +4.8. 

21 Relatively smooth as judged hy record. 
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (ContM) 



Record No. j 


Route 

1 


1 

Airplane 


Date of flight 


Time of flight 


* 

w 

W 

s 


** 

(niph) 
f .p. s • 


1 

• 

•H — 

rH 

CO 


*** 

II ttII 

ind. 

^ sJ 


! Av. altitude 
' maintained 


! 

Weather 


Pilot comm.ents 


22 


Reno 


7137 


1- 


'30-31 


2:30 P.M. 


10.2 


(120) 1 


1 

lc5 


6.1 


2000 


Partly cloudy with 


Practically calm. 


Oakland 




4:35 P.M.; 


JL / D 




-7 Q I 


oiiUWCi o • 


vvux o w u uiii'jo cii — 


























countered over Mt. 


























jjiaCfio approxima ue- 


























ly 15 miles out of 


























Uclifi- J.C, liu • 


23 


Oalvland 


7137 


2- 


- 6-31 


8:00 P.M. 


10.2 








5000 


ooorm west ena 


i raci'iC8xiy crx m. 


Reno 




10:40 P.M. 


176 


.60 


-4.9 




clear east. 


Very few "bumps , 


























if any. 


24 


Reno 


7137 


2- 


- 7-31 


10:15 A.M. 


9.8 


(105) 


1.35 


4.7 


8000 


Fog at Elko ajid 




Cheyenne 




8|00 P.M. 




154 


.50 


-6.7 


Salt Lake. Light 


























N.W. wind. 




25 


1 Cheyenne 


7137 


2- 


- 8-31 


10:20 A.M. 


10.8 


(110) 


1.45 


6.3 


1 8000 


Clear on run, sol- 


Nearly calm, hut 


Solt Lake 




3:00 P.M. 


j 151 


.55 


— 6.3 


1 i-d overCf^st at 


humn^v between Lara- 
























Salt Lalie al:out 


mie and Et. Steel. 
























I 2000 ft. thick. 




26 


Cheyenne 


7137 


2- 


-13-31 


7:46 P.K. 


11.1 


(100) 


lol5 


2.4 


8000 


j Light fog at Chey- 


Worst humps at Elk 


Salt Lake 




12:25 A.M. 


1^7 


.80 


-3,2 


enne. Light haze 


Mountain a,nd 
























and smooth at 


Wasatdi Mountains . 












i 












fialt Lake. 





o . 

(D 

H- 

O 

O 
c-^ 

(D 

o 



22 
23 
24 
25 

26 



Remarks 

Relatively smooth as judged by record except during last 15 minutes before landing at 0ak:land. 
I Records show a few buirps on west end. Night flight. 
Bumpy upon approaching and leaving Elko. 

Records show b-umps as in pilot ^s comments but also equally severe ones upon approaching and leaving 
Rock Springs. 

Elight made at night. Record shows that it was relatively smooth. 
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TABLE III, N.A.C.A. Accelerometer Measurements in Ro-ugh Air (ContM) 
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Heno 



Reno 
Salt Lake 



Salt Lake 
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TTe ndove r 
Reno 



Reno 
Salt Lake 



7137 2-14-31 



7137 2-14-31 



7137 2-14-31 



7137 2-15-31 



7137 2-15-31 



7137 2-16-31 



1:35 AJ.L 
6:05 A.M. 



7:14 A.M. 
11;33 A.M. 



10:30 P.M. 
12:05 A.Moj 

I 

6:40 A.M. 
7 * 4o A >i i\i o 

12:06 P.M. 
4:02 P.M. 



12:00 P,M. 
6:53 A.M. 



10.2 



10.0 



10.0 



10.0 



10.0 



9.6 



(100) 1.15 



147 



(100) 
147 



(100) 
147 

(100) 
147 

(100) 
147 



(100) 
147 



.80 



1,10 
. 80 



1.10 

1,0 

1.30 

IcOO 

1.75 
.45 



1.10 
.90 



2„2 
-2.9 



1,4 
-2.9 



1.4 

0 

4.3 

0 

10.7 
-7.9 



1.4 
-1.4 



7000 



8500 



7000 



7000 



G-ood. !To clouds. 
S.So7. wind 10 
m.p >h. 

Cloudy and foggy 
with storm clouds. 
S.TTi Tvind 15 m.o.h. 



il7orst buinps near Reno. 



Fog. S.T7. wind 
15 m.pohc at alti- 
tude. 

Fog. Alto-curaulus 
clouds encountered. 
IT. wind 10 m.p.h. 
at altitude. 



Torst iD-vimps encoun- 
tered upon approach- 
ing mountains. 

Very calm. 



Remarks 

Plight made at night and load factors recorded were low. 

Maximum "bumps experienced during first 15 minutes after leaving Reno. 

Pilot made no comrr:ents. Flight made at night and record indicates that it was smooth. 

Pilot made no comments except that he returned to Wendover on account of the weather. 

Records indicate that worst "bumps were experienced upon leaving Elko, 

Flight made at night. Record indicates that it was very gnooth. 
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TABLE III. N.A.C.A. Accelerometer Measurements in Ro-agh Air (Cont'd) 



o 
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O 
(D 



(D 

O 



a 

rH 
•H 



-4^ 
• H 



O 
Q) 



I 



33 

341 

35 
36 

37 

38! 

39 



Oah] and 
Rene 



Reno 



Salt Lake I 

Sa lt La ke | 
Reno j 

Reno 
Oakland 

Oakland 
Reno 

Reno 
Salt Lake 

Sa lt La ke 
Reno 



713? 



17137 



7137 



7137 



;7137 



o 

CD 

a 

•H 

EH 



X 

S i (mph) 



1 



2-lS-ol 
2-19-31 

2-20-31 
2-20-31 



8r00 P.M. 
11:20 P.M. 

11:35 A.U, 
5:35 P.il. 



7:00 A.M. 
11:30 A.M. 

11:38 A.M. 
1:18 P.M. 



f .n.s. 



10.3 
10.2 

9.9 
9.8 



2-20-31 1. ^-^E ilO.7 



i 12:32 A.M. 



713712-21-31 



7137 



2-22-31 



12:47 A,K. 
5:35 A.M. 



9:33 P.M. 
1-55 A.M. 



9.6 



10.1 



( 90) 
132 



(100) 
147 



(110) 
161 

(110) 
161 



(120) 
176 

(100) 
147 



(100) 
147 



•H = 

-CI ^ 

s . 

rH 

•• O 



ind. 



no ^ 
CD 

-♦^ ^ 

•H 'H 

-P C\5 
rH 

CD 

•H 



1.50 8.2 
.25-12.3 



1.80 11.6 
.50 -7.3 



1.50 
.35 

1.30 
.45 



1.25 
. 65 

1.40 
.65 



1.0 
1.0 



6.4 
-8.4 

3.8 
-7.0 



3.2 
-4.5 

5.5 
-4.8 



Weather 



Pilot comments 



0 
0 



6000 

7000 

6000 
5500 

11000 
6000 

8000 



Clear with 4B rn.p.h. I Worst "bixmps 'oetween 
N.E. wind. jElue Canyon and 

ITrackee. 

i 

Few scattered cloudal 
}l5 m.p.h. N.N.E. | 
iwind. j 

Broken and overcast 
with comailus clouds. 

Clear N. wind at 
25 m.p.ht 



Roiigh all the way 
hut worst around 
Snow Mountain. 



IJ.E. wind 50 m.p.h. Il^orst bumps 25 

imiles west of Reno- 



Clear. 25 m.p.h. 
ilT.E. wind. 



Clear and calm, 
i with li^ht N,E . win d 



Worst "bumps just 

out of Reno and 

over Great Salt Lake, 



Remarks 

33 Records show maximum load factors were recorded a number of times from 10:20 to 10:45 P.M. Wight flight. 

34 G-enerally smooth "but local Lumps encountered at times. 

35 Bumpy upon approaching and leaving Elko. 

36 Records indicate that it was rough all the way from Sacramento to Oakland. Load factor ranged from .45-1, 

37 Relatively smooth. A few local bumips. Night flight. 

38 inght flight. 

39! Flight made at night. No noticeable hunrps. 
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(D 

rH 
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Reno i 
Oalcland I 

I 

O aklan d j 
Salt Lake! 



7137 



7137 



42 CheYenne 376 
Salt Lake 



TAP.LE ll.A.C.A. Accelerometer Meas-arements irx Roiagh Air (Cont'd) 
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0) 



-4^ 

-a 



O 

B 

•H 



43 



44 



45 



40 
41 
42 
43 
44 



Sa lt La ke 
Reno 

Reno 



Oakland 



S^ lt La ke 
Reno 



276 



276 



2-23-31 

2-24-31 
2-24-31 
24-31 
24-31 



2-; 



2:08 A,M. 
5:17 A.M. 

8:00 P.,M. 
2:05 A.M. 

5:28 A.M. 
9:40 A.M. 

9:00 A.M. 
12:45 P.M. 

12r58 P.M. 
2:40 P.M. 



7137 2-26-31 



11:14 P.M. 
3:45 A.M. 



W 



** 



(mph) 
f .p.s 



10.1 



10.0 



9.6 



8.8 



8.8 



9.5 



(120) 
176 

(100) 
147 

(100) 
147 

(100) 
147 

(100) 
147 



•H = 

oi • 

rH 
• (D 

K O 
Oj o 
S 03 



*** 



'U'.' 



ind. 



(100) 
147 



1.0 
1.0 

1.0 
1.0 

1.3 
.4 

1.50 

lc45 
.25 



0 
0 

0 
0 

4.2 
-8.4 

6.5 
-9.7 

5o8 
-9.7 



1.0 
1.0 



0 
0 



CD 



4-> 



leather 



10000 



7000 



7000 



Foggy in "bay re- 
gion. Wind S.W. 
5 m.p.h. 

Clear 



9000 



Clear. Wind 
IJ.E. 14 m.p.h. 

at altitude. 
1J,T7. in Sacra- 
mento Valley 
at ground. 

Clear. Wind 
W.i^.W. 10 to 
30 m.D.h. 



Pilot ' s comments 



No "bumps encountered. 



No "b-an:ps encountered. 



Generally roi^gh all the 
way. Semi-severe 
"bumps at Sierra Summit 
and San Francisco Say 
area. 



No "b-amps . 



Remarks 

Night flight. Record very smooth. 
Night flight. Record very sm.ooth. 

Pilot made no report. Record shows generally rough air. 
Pilot made no report. Record similar to No. 42. 
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45 Night flight. Record very sm.ooth. 



TABLE III. IJ.A.C.A. Accelerometer Measurements in Ro-agh Air (Cont^d) 
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47 



48 



49 
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51 



(D 
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46 
47 
48 
49 
50 
51 



Ren o 
Oaicland 

Oakland 
Reno 



Reno 
Salt Lake 

Sa lt La ke 
Reno 

Reno 
Oalrland 

Sa lt La ke 
Reno 



Pi 
U 
•H 



o 

Q) 
PI 



-p 

•H 



O 
(D 

a 

Eh 



! ** 



s 



(isph) 
f .p.s 



713712-26-31 



7137 2-28-31 



3:58 A.M. I g^^j (100) 



7137 



7137 



7137 



7137 



2-28-31 



6:00 A.M.i 

8:00 P,M„ 
10:10 P.M. 

10:22 P.M. 
2:40 A.M. 



3_ 1-31 10-58 P-I'-'- 
3:09 A.M. 



3- 1-31 



3- 5-31 



A,M. 

j 5:37 A.M. 
10:14 A.lv!. 



10.3 



10.3 



10. 



10.3 



9.8 



147 

(120) 
176 

(100) 
147 

(100) 
147 

(100) 
147 

(100) 
147 



T 



•H = 



o 
o 



*** 

"U'.' , 
md. 



'V. 



•H .H 
•H 

• re 



1.35 
.60 

1.45 
.60 

1.45 
.30 

1,0 
1.0 

1.0 
1.0 

1.85 
.45 



4.8 
-5.4 

5.5 

-4.9 

6.. 6 
-10.3 

0 
0 

0 
0 

llo9 
-7 . 7 



Weather 



6000 



:9000 



7000 



6000 



Clear. Tind S.Tk, 

14 m.p.h. 

Clsar. 7ind east 
20 mip^h. 

Clear. Zind 11. 
KcE. 15 m.p.h. 

Clear. H. wind 

15 ra.p.li. 

Clear. Wind N.E. 
10 m.ri.li. 



Pilot's comtnents 



YiOrst bion-fps, Eeno to 
Truckee. 

|jB"anps enccontered 
I last 50 miles. 

I Some roijj^hness at 
Secret Pass. 

ilo "bum-DS encountered. 



No liiaups encountered. 



Remarks 

Record shows local hurnps Tvere encountered 10 minutes after leaving Reno. 
Record shows worst bumps T;ere encountered midv/ay "between Sacramento -and Reno. 
Record shows two local btimps of approximately equal magnitude. Night flight, 
^.■ight flight. Record very smooth. 
Record very smooth. 

Pilot made no report. Maximum load factors recorded on approaching Reno. 
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TABLE III. N.A.C.A, Accelerometer Measurements in Rough Air (Cont^d) 
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Record ITo. 


O 
PI 


Airplane 


Date of flighi 


Ml. 

•H 

rH 

«H 

O 

0) 

•1—. 
EH 


w 
s 


Vi 

^mph) 
f .p.s . 


Max. and Min^ 
accel. ("g") 


"U'ind. 
s. 


Av. altitude 
Eaintained 


Weather 


Pilot's comments 


52 


Rono 
Oakland 


7137 


3- 5-31 


10:22 A.F. 
12; 07 r.K. 


lOcO 


(120) 
176 


1.60 
.40 


7.2 
-7.2 


lOCO 
to 
10000 


Clear. 7ind 
SI. 5. 28 m.p.hc 


Bumps encountered 
30 miles out of 






















Reno and "between 
Sacramento and 
Oaklard , with 
worst just "before 
landing at Oakland. 


53 


Reno 


7137 




— 


lOcO 


147 


1.55 
.50 


6.4 
-7.1 


9000 


Good. nvind 
15 m^pth. 


ITo "bijmps encoun- 
tered. Some 
roughness while 
changing altitude. 


54 


Ana.coGtia, D-^C. 
Langley Field 


tttT 

03u-a 

t 


1-28-31 


11:57 A.M, 
1.13 P.M. 


llo4 


( 98) 
144 


1 1.52 
j .53 


8.6 
-7.8 


2000 


Clear. Wind 
15 m.rpoh. 


TT<^T»c'"t' "HTTrrn^o OTi'^r\nTi — 

tered in first 




i 




1 






1 








third of flight. 












R 


3 m a r 


k s 










52 


Record shows maximum 


accelerations vhen 


leavf i:g Reno and 


when approaching Oakland . 




53 


Record shows a 


few local, "bujirp 


c 
















54 


l^'umerous "bumps 


giving load factors of ^5 and 


lo5. 
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* Average during flight. 

Average indicated air speed.- 
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2 (n - 1) 
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References 

f Boeing Monoraail Model 221; assumed a - 4.1 
-j-f Boeing Mailplane Model 40 E; assumed a = 3.9 
ttt Boeing Trimotor Model 80; assumed a = 4.0 
-("j-tH- Vought Corsair; assumed a = 4.0 
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Fig. 3 




n=cos G -i- 



1/3 paUV 



e=Fliglit path angle ^ Cr 
p=Slop'3 of lift curvo, — 

b=TJ'ing loading 

U=Volocity of vortical gust, f.p.s. 
V=Air speed, f.p.p, 
n=Loa,d factor 




Fig, 4 
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Fig. 5 Applied load factors in bumpy air. 
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